Pulmonary rehabilitation has short-term benefits on dyspnea, exercise capacity and quality of life in COPD, but evidence suggests these do not always translate to increased daily physical activity on a patient level. This is attributed to a limited understanding of the determinants of physical activity maintenance following pulmonary rehabilitation. This systematic review of qualitative research was conducted to understand COPD patients' perceived facilitators and barriers to physical activity following pulmonary rehabilitation. Electronic databases of published data, non-published data, and trial registers were searched to identify qualitative studies (interviews, focus groups) reporting the facilitators and barriers to physical activity following pulmonary rehabilitation for people with COPD. Thematic synthesis of qualitative data was adopted involving line-by-line coding of the findings of the included studies, development of descriptive themes, and generation of analytical themes. Fourteen studies including 167 COPD patients met the inclusion criteria. Seven sub-themes were identified as influential to physical activity following pulmonary rehabilitation. These included: intentions, self-efficacy, feedback of capabilities and improvements, relationship with health care professionals, peer interaction, opportunities following pulmonary rehabilitation and routine. These encapsulated the facilitators and barriers to physical activity following pulmonary rehabilitation and were identified as sub-themes within the three analytical themes, which were beliefs, social support, and the environment. The findings highlight the challenge of promoting physical activity following pulmonary rehabilitation in COPD and provide complementary evidence to aid evaluations of interventions already attempted in this area, but also adds insight into future development of interventions targeting physical activity maintenance in COPD.
INTRODUCTION
Chronic obstructive pulmonary disease (COPD) is a common and preventable condition, characterised by persistent respiratory symptoms and airflow limitation that is caused by significant exposure to noxious particles or gases. 1 COPD is treatable, with the aim to manage symptoms and minimise disease progression; however, there is no cure. People with COPD have significantly lower levels of daily physical activity (PA) compared with agematched healthy individuals, [2] [3] [4] [5] [6] [7] an avoidance of PA often related to exertional dyspnea which leads to increasing inactivity, muscle weakness and reduced exercise capacity. Physical inactivity predicts poor prognosis across the course of the disease, 8, 9 including reduced quality of life and increased risk of hospitalisation [10] [11] [12] [13] and mortality. 14 As such, the importance of PA in COPD management is recognised, and there has been wide interest in strategies to promote and support PA. 1 Pulmonary rehabilitation (PR) is defined as "a comprehensive intervention based on a thorough patient assessment followed by patient-tailored therapies that include, but are not limited to, exercise training, education, and behaviour change, designed to improve the physical and psychological condition of people with chronic respiratory disease and to promote the long-term adherence to health-enhancing behaviour". 15 The key benefits of PR include clinically important improvements in dyspnoea, physical capacity, and quality of life. 16 Exercise capacity has been regarded as key to modifying PA in COPD. 17 However, increased exercise capacity following PR does not directly translate to an increase in daily PA 15, 18 and long-term behaviour change in COPD. It has been suggested that longer-lasting PR programmes are more effective than shorter programmes in increasing PA levels but the effect remains controversial. 19 Others who have aimed to increase PA through exercise training have only identified modest, short-term increases in PA. 18, 20 Based on current available evidence it appears exercise training alone is not enough to maintain PA in COPD. 15, 20, 21 Evidence from a recent systematic review and meta-analysis identified only individualised or pedometer-based counselling added to multidisciplinary PR produce changes that exceed the established minimal clinical important difference in daily steps for COPD. 20 The minimal efficacy of interventions surrounding PA and behaviour change following PR has been attributed to the limited understanding concerning the determinants of PA on a patient level in COPD.
14 It has been acknowledged that it is likely not to be a "one size fits all" regarding strategies to maintain short-term benefits of PR, 22 and widespread individual differences of PA in response to PR have been proposed. individuals' insights on how and why interventions did, or did not promote PA. The use of qualitative methods enables researchers to gain a comprehensive understanding of the effectiveness of health interventions, providing complementary data to quantitative findings in randomised controlled trials. Systematic review of qualitative studies have provided evidence toward understanding the COPD patients' subjective view of the impact of PR, 24 and the barriers and enablers to participation in structured PA (i.e., exercise/PR programmes). 25 Such evidence does not address the factors which influence the maintenance of PA and long-term behaviour change following PR, where the focus shifts to selfmanagement of PA. Specific factors are proposed to be involved in maintenance of behaviour, different from those involved in behaviour initiation; 26 however, these factors have not been explored in this specific population.
There is a need for a better insight into the patient subjective experience of PA following completion of PR to inform future practice and policies surrounding support of long-term adherence to health-enhancing behaviour in COPD. The aim of this systematic review was to therefore provide a comprehensive synthesis of the patient reported facilitators and barriers of PA following completion of PR, among individuals with COPD.
RESULTS

Study selection
Following removal of duplicates, searching identified 2392 records for eligibility assessment, of which 2340 were excluded based on title and abstract ( Fig. 1) . Full text screening of the remaining records resulted in 18 records that were eligible for the review. A full list of excluded studies, together with reasons for exclusion, can be found in the Supplementary File. However, only 14 studies were included within the synthesis (n = 12 published articles; n = 2 theses). In two cases, records referred to the same study [27] [28] [29] [30] and the remaining studies 31, 32 (n = 2) were presented only as conference abstracts. These were identified as relevant to the research question of this review, but not eligible for inclusion within the synthesis of the results due to lack of availability of participant quotations. 31, 32 Authors of these studies were contacted for more information; however, there was no response from authors.
Study characteristics
Twelve studies were of a qualitative study design only, and two studies were of a mixed-method design 27, 33 (Table 1) . Studies were conducted in Canada, 30, 33, 34 Norway, 27, 35, 36 The Netherlands, 37 England, [38] [39] [40] [41] USA, 42, 43 and Sweden 44 between 1998 and 2017. All studies collected data using either semi-structured interviews, [33] [34] [35] [36] [37] 41, 42, 44 open-ended interviews, 43 or focus groups. 27, 30, [38] [39] [40] The type of analysis ranged from thematic analysis, 27, 30, 34, 35, 39 template analysis, 40 qualitative content analysis; 37, 44 analysis methods informed by grounded theory, 38, 41, 42 methods informed by phenomenology, 43 and one reported that their analysis adhered to "established guidelines". 33 Overall, there were a total of 167 individuals diagnosed COPD across the studies (male = 92, female = 75). All participants had previously completed PR but the treatment varied on setting and duration. The duration of the PR ranged from 4-12 weeks and individuals attended either inpatient 27, 30, 33, 34, 43 and outpatient PR venues 35, 37, 38, [40] [41] [42] or setting was not reported. 36, 39, 44 Most individuals were not involved in PA maintenance interventions; [33] [34] [35] [36] [37] [39] [40] [41] [42] [43] [44] however, some were involved in postrehabilitation programmes, such as a 6-month community exercise maintenance programme, 30 a 2-year tele-rehabilitation intervention, 27 and approximately half of individuals within Hogg's et al. 38 study had received input regarding ongoing exercise programmes post-rehabilitation. 38 The context of data collection after completion of PR also varied across studies. The data collection typically occurred at either the individuals' home, 33, 36, 41, 43 the rehabilitation centre, 27, 34, 38 or a combination of both 35, 37, 42, 44 and data collection settings were not reported in some studies. 30, 39, 40 All but two of the studies collected data just once following PR. One study conducted two semi-structured interviews 35 and the other conducted three focus groups. 27 Data collection took place between 1-2 weeks and 42 months following completion of PR.
Critical appraisal Critical appraisal of the studies was conducted by two reviewers ( Table 2 ). All studies were interpreted as having a clearly focused research question or hypothesis, as having an appropriate research design, appropriate justification of sampling strategy, well-described method of data collection, an explicit discussion of ethical issues and a consistent approach to reporting the conclusions (within the abstract and discussion). For each criterion, most studies were interpreted as good quality, with the exception of conflicts of interest and sponsorships, which were reported in six studies. 27, 30, 33, 37, 40, 44 In four studies it was unclear how well the researchers knew the participants, 30, 34, 35, 42 and in two studies no description of the relationship between participant This study involved participants with heart failure but only the COPD subgroup was reported in this table   c Two people did not provide follow-up interviews because of death, and one could not be reached d T3 refers to a second paper which followed up the same participants' experiences of PA following tele-rehabilitation e Using records held by the pulmonary rehabilitation team, eligible participants were placed into two groups (Group A: had received input from pulmonary rehabilitation staff to assist with ongoing exercise following completion of the pulmonary rehabilitation course; Group B: had not received any input from pulmonary rehabilitation staff regarding ongoing exercise)
f Estimated duration of PR programme, based on "six, 1-h weekly sessions of occupational therapy" and and researcher was reported. 39, 44 In one study, the analytical method was not found to be clearly justified. 37 The credibility of one study was unclear, due to minimal quotations to support themes. 35 In two studies there was a lack of primary data provided within the text to support the deducted themes and subthemes from the study. 33, 39 In one study, the author did not identify limitations. 43 Data synthesis During the synthesis of the data from the 14 studies included in this review, 7 sub-themes were identified as influential to PA following PR, which were organised into 3 analytical themes, including beliefs, social support, and environment. The theme "beliefs" has three sub-themes, including intentions, self-efficacy, and feedback of capabilities and improvements. The theme "social support" has two sub-themes, including relationship to health care professionals and peer interaction and the final theme "environment" also has two sub-themes, including opportunities following PR and routine (Fig. 2) . Facilitators and barriers to PA within these analytical themes are presented within Table 3 , alongside a selection of participant quotes from included studies to reflect these themes. A line of argument, depicting the key analytical themes and sub-themes are reported.
Theme: beliefs Thoughts surrounding the importance of PA, previous experiences prior to PR, recognition of improvements following PR, and confidence influence individuals' intentions and motivation toward maintenance of PA following PR.
Sub-theme: intentions
Many individuals held the belief that PA was enjoyable and important for their physical and psychological wellbeing. 27, 35, 37, 42, 43 Individuals' beliefs toward PA often manifested into intentions to be more physically active. 27, 35, 37, 42, 43 These beliefs were often influenced by individuals' lifestyles prior to COPD diagnosis. For example, regular engagement in PA prior to COPD diagnosis facilitated positive intentions toward maintaining PA following PR. 37, 43 Information and education on PA was also identified as a facilitator to PA following PR, as it increased individuals' understanding of the health benefits associated with PA. [35] [36] [37] [38] 40, 42, 44 Intentions to be more physically active did not always translate into behaviour change. For example, in one study, individuals repeatedly indicated positive intentions toward PA following PR; 43 however, they were labelled as non-exercise compliant, highlighting an intention-behaviour gap in PA.
Sub-theme: self-efficacy Self-efficacy was a common theme throughout the data, referring to individuals' beliefs in their ability to engage in PA. A barrier to PA maintenance was negative beliefs surrounding PA and health. 36, 38, 40 These negative beliefs often stemmed from individuals' previous experiences of PA that negatively affected their confidence and perceived capability of engaging in PA following PR. For example, individuals reported PA as too hard and that they were too restricted by symptoms such as breathlessness. 38 Exacerbations and symptoms often led to psychological distress, for example, individuals reported feeling overwhelmed, saddened, and frustrated by their restrictions due to COPD, 27, 30, 35, 36, [38] [39] [40] 43 and these experiences negatively influenced individuals' confidence to be active. Breathlessness and anxiety were repeatedly reported throughout the studies, 35, 36, 38, 43 and this anxiety represented a barrier to PA after PR when individuals were attempting to maintain PA at home or by themselves, especially when individuals felt socially isolated. 35, 43 Avoidance was a strategy developed to manage anxiety associated with breathlessness 27, 38, 43 and individuals did not want to draw attention to themselves by exercising outside of the house. 27 However, confidence to apply stress and breathing management techniques was often reported a facilitator to maintaining PA after PR. 33, 35, 36, 38, 41, 42 These skills were often learnt during PR, and were associated with feelings of increased self-efficacy and a sense of empowerment, 27, 41 and the newfound confidence also coincided with a more positive outlook on life. 33 Sub-theme: feedback of capabilities and improvements Feedback refers to monitoring and providing informative or evaluative information on the performance of PA behaviour. 45 When individuals noticed their personal improvements, or recognised their capabilities, 42 they were often more engaged or motivated by the outcomes, and felt empowered to maintain PA. 27, 30, 37, 38, [41] [42] [43] [44] This motivation was facilitated by long-term feedback from health professionals, for example, in a maintenance telerehabilitation study 27 individuals reported that they had improved throughout the course, and felt a sense of accomplishment when discussing their progress, reporting that an upward feeling was important in motivating them to be active. 27 Those who had noticed improvements in health wanted these benefits to be maintained, and reported that they wanted the exercise classes to continue. 38 Positive feedback therefore promoted beliefs of improvement and encouraged individuals to stay active following PR. However, not recognising improvements was perceived as a barrier to PA maintenance, as individuals became unmotivated as 33, 35, 36, 38, 41, 42 (+) "I saw the light one day. I was using the oximeter while cleaning the house, and I discovered that I was sooo low. I didn't use the oxygen while doing housework before, but I do now" 27 Feedback of capabilities and improvements Awareness of change/self-monitoring health influences motivation (+/−) -Recognition of improvements increased motivation to be active: 27, 30, 37, 38, [41] [42] [43] [44] "… I'm doing my own hoovering which I wasn't doing because he did it, I'm cleaning windows, which he did, I do, you know there is, yeah, definitely sharing the jobs more" " … definitely doing more than I was ……" Relationship with healthcare professionals -Contact regarding PA maintenance groups led to participation in weekly activities 35 (+) "The physiotherapist called me, and she asked me if I would like to continue with a group. Now I exercise with them every Thursday. I have planned to join other activities as well!" 35 -Delivery of information via leaflets and the internet about PA was difficult to follow/not well accepted 40 (−) "But I do find leaflets what you've been given here or there they're not exactly in plain English and they do take a lot of understanding" 40 -Provide a sense of security and comfort: helps overcome anxiety regarding symptoms 27, 30, 39 (+) "It meant, I like the fact that they allowed you to learn or go at your own pace. Nobody's pushing or pulling" 30 "One of the best things with the project has been to meet the [tele-]physiotherapist once a week, and get to ask questions about everything that is on your mind 27 -Continued support after PR regarded as beneficial 27, 30, 34, 35, 37, 38, [42] [43] [44] (+) "They give you confidence … to push yourself a bit, to try to do a bit more" 38 -Support ends after PR negatively affects PA participation:
34,38,43 (−) "I don't have the incentive and I don't have anybody to kick my ass and tell me to get it done" 34 Peer interaction -Provide a sense of solidarity and support after PR:
27,30,34,35,37-40,43,44 (+) "The people that I know at the gym, we've all done pulmonary rehab and we all have a cup of tea after we exercise together and that encourages me to go, cos I think 'Ooh if I don't go today … they'll wonder where I am" 38 Peer interaction within PR affected individuals' confidence following PR: Pre-PR: "[I do] nothing really, only stopping in the house really and listen to the radio and television" 41 Post-PR: "… they have given me more confidence by being with people and going out twice a week for about 3/4 h, go there and come back you know, and meet people" 41 -Individuals struggle when peer interaction ends: 35, 38, 43 (−) "Exercises are all right in groups. However, to do it on your own …. I guess I don't manage" 35 -Reminder of disease progression is uncomfortable/can lead to avoidance: 35, 39, 43 (−) "The meetings wouldn't do me any good right now. I would feel like that could be me, you know, getting that bad-I don't want to give in, so I feel it would drag me down more" 43 Opportunities to engage in PA following PR -Individuals feel the need for clear information regarding exercise groups post PR 34 (+) "Just to know where these places are would be a big benefit and how to get into them" 34 -Individuals want and appreciate access to structured maintenance sessions after PR 34,38,39 (+) "The best thing for me would be a mini-program, like we had in rehabilitation" 37 -Access to maintenance sessions affected individuals' participation in PA: 30, 34, 38, 43 (−) -Individuals were not motivated to exercise at home 38 (−) "… it's just difficult to get the motivation to do it at home" 38 -Cost and proximity to sessions 30 (−) "… I have to go a little bit of a distance to get there, which I'm quite willing to do, if it isn't going to cost me money. But I want something closer to home if I have to do this on a regular basis, which I do" 30 -PA venue is important; hospital-based programmes regarded as safe/supportive as they are associated with the health care system 34 (+) "Because you know that the healthcare system is interested in what's going on with your exercise program 34 -Social environment of the PA venue is important. Public gyms can feel intimidating 27 (−) "If I want to go to the gym, it is a 60 km drive from my house. Moreover, I would have felt weak in front of others. They would have looked at me, and thought: He cannot do anything …"
27
-Social isolation can be a barrier to managing negative emotions 30, 35, 39, 40 (−) "Exercises are all right in groups. However, to do it on your own…. I guess I don't manage" 35 -Access to preferred activity influences intentions and motivation to be active 37 (+) "The cycling not so much, I do that because I have to, but the walking. I enjoy walking a lot. I don't need motivation to do that" would've needed help at home because I couldn't manage alone. He also stimulates me to exercise" 37 -Home responsibilities; caring for partner limits PA opportunities: 44 (−) "Now my husband is at home all the time, and since last winter when he fell ill he is too weak to go for walks so this winter there haven't been any" they believed that the exercises were not worthwhile or helpful. 27, 43 Theme: social support Other people played a significant role in individuals' journeys following PR. The perception of feeling cared for, valued, and assisted within the home and the community were important, in addition to relating to others who are in similar situations.
Sub-theme: relationship with health care professionals Individuals' relationships with others had a large impact on their outlook and PA behaviour following PR, which extended beyond gaining feedback about their condition. Support from health care professionals was commonly reported as being important for individuals, whereby their authority instilled a sense of trust, and individuals felt safe and comforted by their presence after PR. 27, 30, 34, 35, 37, 38, [42] [43] [44] Individuals were less fearful of being overwhelmed by their symptoms, were comforted by the opportunity to ask questions, and were encouraged by their interest in their personal health. 34 A barrier to PA was the lack of maintained support from health care professionals, and individuals reported feeling unmotivated, 27, 34, 38, 43 for example, by a lack of encouragement, incentive, and uncertainty regarding transferring these exercises to a different environment, for example, to their home. 38 Sub-theme: peer interaction Interaction with peers was commonly reported as beneficial and it was considered a facilitator to the maintenance of PA, as it made PA more enjoyable and helped individuals conquer feelings of loneliness. 27, 30, 34, 35, [37] [38] [39] [40] 43, 44 The opportunity to discuss symptoms and compare notes with others in similar situations also helped reduce distress associated with symptoms. However, individuals reported having a sense of loneliness that was difficult to manage following PR, 30, 39, 40 and a lack of peer interaction following PR was considered a barrier to PA. 35, 38, 43 Individuals appreciated the ease of connecting with peers, even when in different counties. 27 Throughout the studies, interest was expressed in the maintenance of interaction with peers with COPD after PR, 35, 38, 43 but was also expressed in socialising with individuals with mixed conditions and other members of the community. 30 Despite this, peer interaction was also recognised as a barrier to PA, as it elicited fear in individuals as others' conditions were an unwanted reminder of the progressive nature of COPD. 35, 39, 43 This response motivated individuals to avoid peers in attempt to deny the illness and return to normality. 39 Theme: environment Individuals' surroundings influenced their opportunities to engage in PA following PR. In addition, individuals' physical and social environment influenced their experiences and approach to maintaining a PA routine and successfully establishing habits following PR. Sub-theme: opportunities to engage in PA following PR Individuals often expressed the importance of structured and unstructured PA sessions after PR, 34, 38, 39 in particular they would like access to PA maintenance. 34, 35 However, unclear information regarding maintenance sessions did not allow for individuals to consider alternative ways to be active, and was considered a barrier to PA. 40 Barriers to attendance in maintenance sessions also involved issues surrounding cost and proximity 30 and restrictions imposed by family and work responsibilities. 44 There was mixed views on home exercises, with some individuals reported positively to them, 27 whereas others did not feel like they would be helpful, 38 reflecting individual differences in preferences of PA. Walking and cycling 37 were considered enjoyable activities, as well as simply being outside to enjoy the scenery. 43 Individual differences regarding their preferred PA meant that having various opportunities to engage in a variety of activities was therefore considered a facilitator to PA, whereas restricted choice was considered a barrier to PA. Sub-theme: routine Ongoing contact with health care professionals and peers through maintenance groups also provided a sense of structure following PR and the expectation and pressure to conform to pre-set times and activities was appreciated and regarded as a facilitator to maintaining PA. 27 However, without access to ongoing structured PA sessions, individuals largely reported that a barrier to maintaining PA was falling back into old habits. 35, 36, 39, 43 Routine was considered an important facilitator by individuals throughout the studies. 35, 38, 42, 44 However, this routine was influenced by the individuals' home life. For example, families' understanding of COPD and their recognition of the importance of PA was identified as a facilitator to PA as they were able to provide support and encouragement, 37 whereas attention sometimes added too much pressure to individuals dealing with COPD. 27, 43 For example, individuals did not appreciate their family telling them to exercise. 43 Social isolation due to restricted access to structured PA groups, lack of motivation, 38 as well as simply forgetting to be active 43 were also all reasons why individuals fell back into their previous routines. In addition, establishing a successful routine was considered a long process which required patience, 36 placing emphasis on the challenge faced by many individuals to avoid falling back into old habits established prior to PR. 27, 35, 40, 42 
DISCUSSION
Summary of the findings
The purpose of this review was to identify the patient reported facilitators and barriers of PA following PR. The analytical themes developed were beliefs, social support, and environment that encapsulated the identified patient reported facilitators and barriers of PA following PA. Key facilitators identified within this review were the perception of continued support from health care professionals, continued peer interaction, the sense of accomplishment gained through self-monitoring and feedback, as well as opportunities to access PA maintenance groups following PR that enabled individuals to form routines and establish habits. Key barriers to PA were symptoms that evoked anxiety and fear, for example, breathlessness upon exertion, restricted access to social support and structured maintenance sessions following PR, and lack of positive feedback regarding health which led to individuals being less likely to establish routines incorporating PA, and were more likely to return to previous habits formed prior to PR.
Strengths and limitations of this review
Extensive searches for existing and ongoing systematic reviews suggest that there are no other systematic reviews to synthesise qualitative studies of COPD patients' experiences of PA following PR. This systematic review followed a pre-specified protocol, conducting a comprehensive search strategy that yielded 14 studies. Language, date, and publication restrictions were not imposed in the search strategy, unlike previous qualitative systematic reviews in relevant areas, whereby inclusion criteria was either restricted to articles published in English 25, 46 or a selection of languages 24 and included only peer-reviewed articles. 24, 25, 46 Unpublished data proved valuable in this review, with a large amount of original qualitative data that provided clear insight into patients' perspectives regarding PA following PR. We therefore consider inclusion of unpublished evidence to be a key Physical activity after pulmonary rehabilitation H Robinson et al.
strength of this review and suggest systematic reviews of qualitative studies that do not adopt this approach are at risk of publication bias and excluding data relevant to their research question. The resulting context within the included studies was diverse in terms of individuals' PR settings, PA experiences following PR, and the cultural setting within each country, meaning that it was possible to achieve a higher level of abstraction in the synthesis. 47 Two records retrieved in our search strategy were conference abstracts, 31, 32 and based on the available information were deemed to meet the inclusion criteria. It may be considered a limitation that the data from these studies are not included in our synthesis; however, as findings largely reflected existing themes we feel access to the full studies is unlikely to change the conclusions drawn in this review.
Our approach to data (thematic) synthesis were in line with established methodology for systematic reviews of qualitative evidence, 48 an interpretative approach which enables a summary of the descriptive themes from the primary studies, with a subsequent production of analytical themes through applying a higher-level theoretical framework to answer the research question. This approach was beneficial, as transparency between the developed themes within this review and the text from the primary studies was maintained. It has previously been suggested that qualitative synthesis such as meta-ethnography can decontextualise the findings from the primary studies. 49, 50 However, efforts to preserve context, in line with previous methods in thematic synthesis, 48 were taken to consistently refer to primary studies to check for contextual factors that could affect transferability. Additionally, by adoption of key principles of systematic reviews (extracting and tabulating study characteristics), facilitators and barriers reported in included studies can be considered alongside their specific clinical and methodological characteristics.
Like quantitative research, there are no standardised criteria for assessing the quality of all qualitative research. 51 This systematic review yielded studies with varied designs, methodological and analytical approaches, meaning that a key challenge was assessing the quality of research. We adopted an approach of appraising study quality by assessment of study conduct using a previously used critical appraisal tool. 52 In accordance with approaches in systematic reviews of quantitative evidence, and with limited evidence to suggest that quality of reporting is associated with the credibility and transferability of the findings in qualitative studies, 53 we did not feel there was sufficient justification for exclusion or weighting of study data according to quality. For each criterion within our chosen critical appraisal tool, 52 the majority of the studies were critically appraised favourably; however, the limitations in some of the included studies should be considered, for example, credibility was often jeopardised by the small amount of qualitative data provided throughout the studies and it was not possible to conclude whether selected quotes were biased toward researchers pre-existing views regarding their research question.
Comparison to previous reviews No previous systematic review has synthesised qualitative data regarding facilitators and barriers to PA following PR. Metaanalyses of randomised controlled trials have provided limited success in demonstrating efficacy of interventions to improve PA in COPD, as effects are typically modest and short term. 18, 20 However, current proposals of the likely greater impact of longer duration PR programmes on modification of PA 19 would support a key theme presented in our review, namely, that ongoing support from both health care professionals and peer interaction was a facilitator to PA maintenance. The importance of social support has previously been reported in systematic reviews researching individuals' participation in PR 24, 25 and facilitators and barriers to PA in other lung conditions. 46 Feeling supported by family throughout PR has been identified as a facilitator to PA during PR, 24 but the results from this study suggest that family, friends, partners, and peers interaction are also important in the maintenance of PA.
During PR, it has previously been suggested that environmental and personal factors, in addition to social factors, have been recognised as influential to PA in patients with COPD. 25 Environmental factors such as transportation and options regarding the type and intensity of PA were also considered influential factors to PA maintenance, as were personal factors associated with identity, for example, previous experiences with PA and previous lifestyles which affected individuals' PA beliefs. In this review, a larger emphasis was placed on access to information regarding opportunities to engage in PA following PR, likely due to the responsibility of PA maintenance being shifted from health care professionals to patients after completing PR. Establishing a healthier routine is often reported to be a key benefit during PR; 24 however, the findings from this review identified both the importance and difficulty of maintaining these PA routines and forming habits following PR. Interestingly, the length of the PR programme has previously been recognised as a barrier to PA, 25 with less patients being likely to attend longer programmes; however, the findings in this review suggest that a barrier to PA maintenance is the loss of structure and contact with other people.
Unlike previous findings of key barriers to PR, 25 smoking status was not identified as a barrier to PA maintenance in this systematic review. It may be argued that a greater proportion of COPD patients included in the present review (i.e., who completed PR) were less likely to be smokers who are associated with poorer completion rates in PR and hence have other important personal factors. Our findings suggest that COPD patients often reflect on their health. Positive feedback regarding PA and health was recognised as a facilitator to PA maintenance, whereas some became unmotivated if they did not recognise any improvements in their condition. This suggests that self-efficacy is an influential factor in PA motivation, complementing findings of previous systematic reviews that reported goal achievement as a facilitator to PA during PR, and the benefits of adding pedometer-based counselling to multidisciplinary PR. 20, 25 Implications for research and practice This systematic review furthers our understanding regarding the key factors that influence PA maintenance following PR in COPD and it provides evidence for health care professionals to consider when discussing individualised self-management plans on discharge from PR. Likewise, given that a typical pathway following PR includes referral of patients back to their primary care providers, this review provides important information for clinicians and healthcare professionals in these settings to consider when delivering long-term COPD management. Our findings provide complementary evidence to aid evaluations of PA interventions already attempted in this area, [18] [19] [20] [21] but also adds further insight into future development of interventions targeting PA maintenance in COPD. Based on the available evidence, further trials in this area should consider intervention functions which promote maintenance of social support from the health care professionals, maintenance of peer interaction following PR, promote a range of opportunities after PR to cater various PA preferences, and optimise individuals' opportunities to recognise improvements in their health through techniques such as feedback and counselling to boost self-efficacy. This can be achieved by exploiting the use of wearable devices such as pedometers or through the use of information and communication technologies (tablet computers, smartphone applications, websites).
This systematic review further highlights the large variance of individual differences within the population who complete PR, Physical activity after pulmonary rehabilitation H Robinson et al.
supporting the statement that there is not a "one size fits all" approach to achieving lasting behaviour change following PR. 22 This should be considered when tailoring interventions to individual patient needs. 21, 23, 54 Alternatively, interventions with multiple components should be considered in targeting behaviour change, as they have the potential to influence PA maintenance by targeting various influential factors. Our findings have general applicability to all COPD patients completing PR, but researchers should also be mindful of context-specific factors, which could influence PA behaviour following PR in local COPD populations.
It is recommended that future research should adopt mixed methods designs, incorporating qualitative methods within randomised controlled trials to provide a more comprehensive evaluation of the factors influencing the efficacy of their interventions but also provides evidence as to how such interventions can be implemented in practice. Future qualitative research should consider and build upon the identified limitations within the studies included in this review. For example, transparency in the relationship between researcher and individual, description of study limitations, and access to participant quotations would further increase the credibility of the research in the area. It would be prudent for future studies in the area to therefore adhere to the Consolidated Criteria for Reporting Qualitative Research that facilitate critical appraisal and interpretation.
CONCLUSIONS
This systematic review identified and synthesised the data referring to the patient reported facilitators and barriers to PA following PR, which provided an in-depth understanding and insight into patient experiences regarding maintenance of PA behaviour. The results from this systematic review highlight the complexity of behaviour change, and the challenge of promoting PA following PR on a population level. The results provide clear guidance for future research design, as well as recommendations regarding the content of future interventions.
METHODS
Protocol
The protocol for this review was registered on the international prospective register of systematic reviews (PROSPERO) (CRD42017058274). This review was reported in accordance with the Preferred Reporting Items for Systematic Reviews and MetaAnalyses (PRISMA) 55 guidelines and Enhanced Transparency of Reporting the Synthesis of Qualitative Research framework. 51 Eligibility criteria Study design: Qualitative studies (interviews, focus groups) or mixed-methods designs which included qualitative data.
Participants: Adults with a diagnosis of COPD who have completed PR.
Exposure: Discussion of PA, which was defined as any bodily movement produced by skeletal muscles that results in energy expenditure, 56 for example, experience of structured exercise such as fitness classes or walking groups, to activities of daily living such as shopping, meal preparing, or housework following PR.
Outcomes: Facilitators and barriers to PA following PR in COPD. Study screening Two reviewers independently screened the titles and abstracts for inclusion against the defined eligibility criteria. Full-text articles were retrieved for articles that were not excluded based on title or abstract. Further independent screening of full texts was performed to determine eligibility with any disagreement between two reviewers resolved by consensus.
Data extraction
Data from the included papers was extracted by two reviewers and was completed using a bespoke data collection form for qualitative research based on the UK National Institute for Health and Clinical Excellence (NICE) universal template. 57 To facilitate synthesis of qualitative data, all studies were uploaded on to NVivo 11 Pro.
Critical appraisal Two reviewers independently performed a critical appraisal of each included study, through use of the Specialist Unit for Review Evidence (SURE) checklist (2015) . 52 This checklist is adapted and updated from the former Health Evidence Bulletins Wales checklist with reference to the NICE Public Health Methods Manual 58 and previous versions of the Critical Appraisal Skills Programme checklists. Discrepancies were resolved through discussion between two reviewers. Studies were not excluded or weighted based on the quality assessment.
Data synthesis Thematic analysis was the inductive approach used for synthesising the data from each study, an approach used to identify themes and patterns in qualitative research. 59 This approach has previously been adopted to synthesise qualitative data in systematic reviews. [59] [60] [61] 62 Thematic synthesis was completed in three stages: the coding of text "line-by-line", the generation of "descriptive themes", and the generation of "analytical themes". 48 Initially, the review question was put to one side to enable an analysis that was close to the data of the original studies and prevented reviewers imposing the data on to an existing framework. Participant quotations within the findings/results section of each included study were coded according to meaning and content. A "bank" of codes were derived from the studies, and new codes were formed when necessary. Similarities and differences between the codes were explored, and codes were placed into a hierarchical structure and these represented the descriptive themes. The final stage of analysis involved engaging with the descriptive themes to answer the review question. This was an iterative process, which involved making inferences from the data about the facilitators and barriers to PA following PR, as well as considering implications regarding intervention development. To reduce bias, three reviewers independently coded the Physical activity after pulmonary rehabilitation H Robinson et al.
extracted data, produced descriptive themes, and reviewed and discussed analytical themes.
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